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BACKGROUND OF THE INVENTION 

1 . 1 . The Field of the Invention 

[001] The present invention relates to structural braces. More particularly, the present 
invention relates to structural braces adapted to absorb seismic magnitude forces by 
imdergoing plastic deformation while maintaining the structural integrity of the frame 
structure. 

2. The Relevant Technology 

[002] For decades steel frame structures have been a mainstay in the construction of 
everything from low-rise apartment buildings to enormous skyscrapers dominating 
modem city sky lines. The strength and versatility of steel is one reason for the lasting 
popularity of steel as a building material. In recent years, steel frame structures have 
been the focus of new iimovation. Much of this innovation is directed to minimize the 
effects of earthquakes on steel frame structures. Earthquakes provide a unique challenge 
to building construction due to the magnitude of the forces that can be exerted on the 
2 frame of the building. A variety of building techniques have been utilized to minimize 
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^ o ^ 5 the impact of seismic forces exerted on buildings during an earthquake. 

S i H 5 H b [003] One mechanism that has been developed to minimize the impact of seismic 
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G 2 1 § ^ S forces on buildings are structural braces that are adapted to absorb seismic energy 

:z; g B s ^ through plastic deformation. While the braces are adapted to absorb energy by plastic 

g deformation, they are also configured to resist buckling. While several embodiments of 

i 

^ these energy absorbing braces exist, one popular design incorporates a steel core and a 
concrete filled bracing element. The steel core includes a yielding portion adapted to 
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undergo plastic deformation when subjected to seismic magnitude forces. Compressive 
and/or tensile forces experienced during an earthquake are absorbed by compression or 
elongation of the steel core. While the strength of the steel core will decrease as a result 
of buckling, the concrete filled bracing element provides the required rigidity to limit 
this buckling to allow the structural brace to provide structural support. In short, the 
steel core is adapted to dissipate seismic energy while the concrete filled bracing 
element is adapted to maintain the integrity of the structural brace when the steel core is 
deformed. The use of energy absorbing braces allows a building to absorb the seismic 
energy experienced during an earthquake. This permits buildings to be designed and 
manufactured with lighter, less massive, and less expensive structural members while 
maintaining the building's ability to withstand forces produced during an earthquake. 
[004] Energy absorbing braces provide a functional aspect that is often independent of 
aesthetic or architectural details of the building. For example, the seismic load to be 
absorbed by a brace can dictate brace dimensions that are contrary to a span desired for 
the building's architecture. This is particularly problematic where the dimensions of the 
brace, as dictated by the seismic load to be carried, are much larger and/or longer than 
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2 the fi^ame dimensions where the brace is to be positioned. The conflict of design 
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^1 ^ ^ 5 elements and seismic load can be a seemingly irretractable problem in existing 
§ i H w hi g architecture. This is because such seismic loads were not often considered in the design 
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6 2 1 ^ ^ ^ of older buildings. Due to the demand for seismic retrofitting of existing structures, the 

^ ^ § s ^ challenges presented by the interplay of design details and seismic needs can make a 

g seismic retrofitting of an existing building either impractical or overly expensive. 
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^ [005] The seismic load capacity of bearing braces can also be affected where the 

architectural details of the building dictate the dimensions of the bearing brace rather 
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than seismic factors. The load capacity of a bearing brace is dictated by a variety of 
factors including the length and cross-sectional area of the core member undergoing 
plastic deformation. For example, where the bearing brace is of a small length and 
width to accommodate a smaller span in the building framework, the number and 
magnitude of cycles that can be experienced during a seismic event without resulting in 
failure of the brace are substantially limited. 
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BRIEF SUMMARY OF THE INVENTION 
[006] The present invention relates to structural braces. More particularly, the present 
invention relates to a brace apparatus that is able to absorb a greater seismic load 
relative to the size of the brace is disclosed. The brace apparatus has an effective length 
capable of undergoing plastic deformation that is greater than the length of the brace 
apparatus. The brace apparatus includes a first core member having a deformable 
region of an effective deformable length and a second core member having a 
deformable region of an effective deformable length. The total effective deformable 
length of the brace apparatus is the smn of the effective deformable length of the first 
core member and the second core member. This allows the brace apparatus to have a 
greater deformable length relative to the length and size of the brace. Additionally, the 
greater deformable length reduces the strain on the core members enabling the brace 
apparatus to undergo a greater amount of deformation for a larger number of total 
cycles without buckling the brace. Additionally, the buckling restraining assembly can 
include one or more bearings located proximal the core member. The bearings are 
adapted to minimize friction between the core member and the buckling restraining 

>^ 

53 apparatus. Air gaps can also be positioned between the core members and the one or 

w 
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^ g ^ ^ 5 more bearings of the buckling restraining apparatus to prevent bonding of the core 

§ i H S S ^ member and buckling restraining assembly. 

S 2 1 § ^ S [007] These and other objects and features of the present invention will become 

& I S ^ more fully apparent from the following description and appended claims, or may be 
learned by the practice of the invention as set forth hereinafter. 

I 
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BRffiF DESCRIPTION OF THE DRAWINGS 
[008] To further clarify the above and other advantages and features of the present 
invention, a more particular description of the invention will be rendered by reference to 
specific embodiments thereof which are illustrated in the appended drawings. It is 
appreciated that these drawings depict only typical embodiments of the invention and 
are therefore not to be considered limiting of its scope. The invention will be described 
and explained with additional specificity and detail through the use of the 
accompanying drawings in which: 

[009] Figure 1 is a cross-sectional side view illustrating the brace apparatus having a 
first and second core member according to one aspect of the present invention. 
[010] Figure 2 illustrates the first and second core member in greater detail according 
to one aspect of the present invention. 

[Oil] Figure 3 is a top cross-sectional view illustrating the juxtaposition of the first 
core member relative to the second core member inside the buckling restraining 
assembly according to one aspect of the present invention. 

[012] Figure 4 is a cross-sectional view of illustrating the juxtaposition of the core 
members relative to other components of the brace apparatus. 

[013] Figure 5 is a cross-sectional view illustrating an altemative use of bearing 
members relative to the core members. 

[014] Figure 6 is a cross-sectional view taken along an end portion of the brace 
apparatus according to one aspect of the present invention. 

[015] Figure 7 is a line graph illustrating the relationship of the strain experienced on a 
core member and the number of cycles the core member can undergo prior to failure of 
the core member according to one aspect of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[016] The present invention relates to structural braces. More particularly, the present 
invention relates to a brace apparatus that has an effective length capable of undergoing 
plastic deformation that is greater than the length of the brace apparatus. The brace 
apparatus has a first core member having a deformable region of an effective 
deformable length and a second core member having a deformable region of an 
effective deformable length. The total effective deformable length of the brace 
apparatus is the sum of the effective deformable length of the first core member and the 
second core member. This allows the brace apparatus to have a greater deformable 
length relative to the length and size of the brace. Additionally, the greater deformable 
length reduces the strain on the core members enabling the brace apparatus to undergo a 
greater amount of deformation for a larger number of total cycles without buckling the 
brace. 

[017] Figure 1 is a cross sectional-side view of a brace apparatus 1 according to one 
aspect of the present invention. Brace apparatus 1 absorbs seismic magnitude forces by 
undergoing plastic deformation while maintaining the structural integrity of the brace. 
Brace apparatus 1 is capable of undergoing a greater amount of deformation and 
absorbing a greater amount of seismic energy for a given length of brace by utilizing a 
first and second core member. 

[018] In the illustrated embodiment, brace apparatus 1 comprises a first core member 
10a, a second core member 10b, and a buckling restraining assembly 30. First core 
member 10a and second core member 10b are adapted to absorb seismic or other forces 
exerted on brace apparatus 1. First core member 10a and second core member 10b are 
designed to undergo plastic deformation to absorb forces encountered during a seismic 
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or other event having forces of similar magnitude. First core member 10a and second 
core member 10b each have a deformable region which have a given deformation 
capacity. The effective length of brace apparatus 1 capable of undergoing plastic 
deformation is the sum of the length of the deformable region of the first core member 
10a and the length of the deformable region of the second core member 10b. Brace 
apparatus 1 also has a total deformation capacity that is the sum of the deformation 
capacity of first core member 10a and the deformation capacity of second core member 
10b. 

[019] Buckling restraining assembly 30 provides support to first and second core 
members 10a, b. The additional support provided by buckling restraining assembly 30 
allows first and second core members 10a, b to absorb large amounts of energy by 
undergoing plastic deformation while providing the strength necessary to maintain the 
structural integrity of brace apparatus 1. La the illustrated embodiment, buckling 
restraining assembly 30 comprises a rigid layer 50, a support tube 40, bearing members 
(e.g. 60a, b), and lateral supports (e.g. 21a, c). In the illustrated embodiment, support 
tube 40 comprises a metal tube positioned external to rigid layer 50. Support tube 40 
provides strength and flexibility to buckling restraining assembly. Additionally, support 
tube 40 encloses the other components of buckling restraining assembly 30. As will be 
appreciated by those skilled in the art a variety of types and configurations of support 
tubes can be utilized without departing firom the scope and spirit of the present 
invention. For example, in one embodiment the support tube has a cylindrical 
configuration. In an alternative embodiment, the support tube comprises a plurality of 
planar elements that are coupled utilizing a weld, fastener, or some other bond. 
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[020] Rigid layer 50 is located internal to support tube 40. Rigid layer 50 provides 
rigidity to buckling restraining assembly 30 to maintain the structural integrity of brace 
apparatus 1 when core member 10 undergoes plastic deformation. A variety of types 
and configurations of materials can comprise rigid layer 50. In one embodiment, the 
rigid layer comprises a cementious layer. In an alternative embodiment, the rigid layer 
is comprised of a foam material. In yet another embodiment the rigid layer is 
comprised of a polymer material. In an altemative embodiment, the rigid layer is 
comprised of a material having sufficient shear strength to provide the required rigidity 
to the buckling restraining assembly. 

[021] In the illustrated embodiment, buckling restraining assembly 30 also includes a 
plurality of bearing members such as bearing members 60a, b. Bearing members 60a, b 
are positioned intemal to rigid layer 50. Bearing members 60a, b are adapted to limit 
the amount of fiiction resulting firom movement of part or all of first and second core 
members 10a, b relative to part or all of buckling restraining assembly 30. As will be 
appreciated by those skilled in the art, brace apparatus 1 can be constructed with or 
without including bearing members. 

[022] In the illustrated embodiment, brace apparatus 1 further comprises air gaps 
positioned between first and second core members 10a, b and buckling restraining 
assembly 30. The air gaps are configured to minimize contact between the plurality of 
bearing members and first and second core members 10a, b when there is little or no 
load exerted on brace apparatus 1. Additionally the air gaps limit fiiction that can be 
generated between first and second core members 10a, b and buckling restraining 
assembly 30 when first and second core members 10a, b undergo plastic deformation. 
A variety of types and configurations of air gaps can be utiUzed without departing firom 



- Page 9 - 



Docket No. 15550 



the scope and spirit of the present invention. In one embodiment, the width of the air 
gaps is designed to minimize Mction between the core members and the buckling 
restraining assembly while also controUing deformation of the core members. 
[023] As will be appreciated by those skilled in the art, the amount of deformation of 
core members 10a, b during compression and tension cycles is the result of many 
factors including, but not limited to, the magnitude of forces exerted on brace apparatus 
1. Moreover, elastic deformation can occur when the forces exerted on first and second 
core members 10a, b are insufficient to cause plastic deformation. The width of the air 
gaps minimizes contact between the plurality of bearing members and first and second 
core members 10a, b when there is little or no load on brace apparatus 1. Additionally 
the width of the air gaps limits the buckling of first and second core members 10a, b 
when forces sufficient to cause core member 10a to undergo elastic or plastic 
deformation are exerted on brace apparatus 1. A variety of widths of air gaps can be 
utihzed without departing from the scope or spirit of the present invention. As 
previously mentioned, a variety of factors affect the desired width of the air gaps 
including but not limited to, the thickness of the first and second core members, the 
length of the first and second core members, the material properties of the first and 
second core members, and the like. 

[024] As will be appreciated by those skilled in the art, air gaps and bearing members 
can be used in combination or singly to minimize the fiiction between core member 10 
and buckling restraining assembly 30. For example, in one embodiment, brace 
apparatus 1 includes air gaps but not bearing members. In an altemative embodiment, 
brace apparatus 1 includes bearing members but not air gaps. In yet another 
embodiment, bearing apparatus includes both air gaps and bearing members. 
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[025] In the illustrated embodiment, a plurality of lateral supports such as lateral 
supports 21a, c are also utilized. Lateral supports 21a, c provide additional rigidity to 
first and second core members 10a, b. This prevents the core members from buckling 
in the lateral direction at the ends of support tube 40. As will be appreciated by those 
skilled in the art, a variety of types and configurations of lateral supports can be utilized 
without departing from the scope and spirit of the present invention. 
[026] Figure 2 illustrates a first core member 200 and a second core member 300 in 
greater detail First core member 200 can be utilized in place of first core member 10a 
of Figure 1, while second core member 300 can be used in place of second core member 
10b from Figure 1. First core member 200 comprises a core member first end 202, a 
core member second end 204, and a core member deformable region 210. 
[027] Core member first end 202 is positioned external to buckling restraining 
assembly 30 of brace apparatus 1. Core member first end 202 includes a plurality of 
bores for attaching brace apparatus 1 to the frame structure of a building. Core member 
second end 204 is positioned internal to buckling restraining assembly 30. Core 
member second end 204 is adapted to be coupled to a first extremity of buckling 
restraining assembly 30. In one embodiment, core member second end is coupled 
directly to support tube 40. In an alternative embodiment, core member second end is 
coupled to rigid layer 50. 

[028] Core member deformable region 210 is positioned between core member first 
end 202 and core member second end 204. Core member deformable region 210 is 
adapted to undergo plastic deformation to absorb seismic magnitude forces exerted on 
brace apparatus L Core member deformable region 210 comprises the effective 
deformable length of first core member 200. The effective deformable length of core 
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member deforaiable region 210 has a given deformation capacity. As will be 
appreciated by those skilled in the art, the deformation capacity of core member 
deformable region 210 is affected by a plurality of factors including, but not limited to, 
the length of the core member deformable region 210, the thickness of the core member 
deformable region 210, the materials from which core member deformable region is 
constructed, and the juxtaposition of core member deformable region 210 with buckling 
restraining assembly 30. 

[029] Second core member 300 comprises a core member first end 302, a core 
member second end 304, and a core member deformable region 310. Core member first 
end 302 is positioned external to buckling restraining assembly 30 of brace apparatus 1. 
Core member first end 302 includes a plurality of bores for attaching brace apparatus 1 
to the frame structure of a building. Core member second end 304 is positioned intemal 
to buckling restraining assembly 30. Core member second end 304 is adapted to be 
coupled to a first extremity of buckling restraining assembly 30. In one embodiment, 
core member second end is coupled directly to support tube 40. In an altemative 
embodiment, core member second end is coupled to rigid layer 50. 
[030] Core member deformable region 310 is positioned between core member 
first end 302 and core member second end 304. Core member deformable region 310 is 
adapted to undergo plastic deformation to absorb seismic magnitude forces exerted on 
brace apparatus 1. Core member deformable region 310 comprises the effective 
deformable length of second core member 300. The effective deformable length of core 
member deformable region 310 has a given deformation capacity. As will be 
appreciated by those skilled in the art, the deformation capacity of core member 
deformable region 310 is affected by a plurality of factors including, but not limited to. 
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the length of the core member defomiable region 310, the thickness of the core member 
deformable region 310, the materials from which core member deformable region is 
constructed, and the juxtaposition of core member deformable region 310 with buckling 
restraining assembly 30. 

[031] The position of first core member 200 relative to second core member 300 as 
shown in Figure 2 illustrates the juxtaposition of first core member 200 relative to 
second core member 300 inside buckling restraining assembly 30. Core member first 
end 202 of first core member 200 is positioned adjacent core member second end 304 of 
second core member 300. Similarly, core member first end 302 of second core member 
300 is positioned adjacent core member second end 204 of Sust core member 200. 
[032] As previously discussed, core member first end 202 of first core member 
200 and core member first end 302 of second core member 300 are adapted to be 
coupled to the fi^e structure of a building. Core member second end 204 of first core 
member 200 and core member second end 304 of second core member 300 are coupled 
to buckling restraining assembly 30. Core member second end 204 and core member 
second end 304 prevent displacement of buckling restraining assembly 30 absent a 
3 seismic event or other phenomenon. When a seismic or similar event is experienced, 

^ g ^ 5 core member first end 202 of first core member 200 and core member first end 302 of 
§ § H S H ^ second core member 300 are alternatively pushed toward and away from each other 
G 1 2 § H ^ resulting in compression and tension cycles. 

5 s I s ^ [033] The coupling of core member second end 204 of first core member 200 and 

^ CO 

core member second end 304 of second core member 300 to buckling restraining 

g 

^ assembly 30 provides resistance to compression and tension cycles. As a result, during 

a tension cycle, in which core member first end 202 and core member first end 302 are 
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pulled away from each other, the forces exerted by core member second end 204 and 
core member second end 304 on buckling restraining assembly can result in 
compressive forces being exerted on buckling restraining assembly 30. Where buckling 
restraining assembly 30 has a greater stiffiiess than core member deformable region 210 
and core member deformable region 310 deformation of core member deformable 
region 210 and core member deformable region 310 results allowing core member first 
end 202 and core member first end 302 to move away from each other. 
[034] During a compression cycle core member first end 202 and core member 
first end 302 are pushed toward each other. The force exerted by core member second 
end 204 and core member second end 304 on buckling restraining assembly 30 results 
in tensile forces being exerted on buckling restraining assembly 30. Where buckling 
restraining assembly has a greater stiffiiess than core member deformable region 210 
and core member deformable region 310 deformation of core member deformable 
region 210 and core member deformable region 310 results allowing core member first 
end 202 and core member first end 302 to move toward one another. 
[035] The effective deformable length of brace apparatus 1 is the sum of the length 
of core member deformable region 210 and core member deformable region 310. This 
is due to the fact that both core member deformable region 210 and core member 
deformable region 310 are undergoing plastic deformation in response to compressive 
and tensile forces exerted on the brace. This provides an overall effective deformable 
length of the brace apparatus that is longer than the actual length of the brace apparatus. 
By providing an effective deformable length that is longer than the actual length of the 
brace apparatus, the brace apparatus having a dual core can be used in smaller spans 
where a single core brace would be unable to provide the necessary deformation 
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capacity. Additionally, by providing a greater affective deformable length for a shorter 
brace, the load is carried by the first and second core member providing greater 
longevity and reUability for brace apparatus 1. For additional details regarding the 
relationship of the effective deformable length of the brace apparatus and reliability of 
the brace refer to the discussion with reference to Figure 7. 

[036] In the illustrated embodiment, core member deformable region 210 and core 
member deformable region 310 have a variable width. The portion of core member 
deformable region 210 adjacent core member second end 204 is more narrow than the 
portion of core member deformable region 210 adjacent core member first end 202. 
The portion of core member deformable region 310 adjacent core member second end 
304 is more narrow than the portion of core member deformable region 310 adjacent 
core member first end 302. The variable width of core member deformable region 210 
and core member deformable region 310 controls deformation of the core member 
deformable regions 210 and 310 to prevent premature restriction of the effective length 
of core member deformable regions 210 and 310. 

[037] As seismic magnitude forces are exerted on core member deformable 
regions 210 and 310, portions of core member deformable regions 210 and 310 undergo 
plastic deformation. The portions of core member deformable regions 210 and 310 first 
to undergo plastic deformation are the portions having the smallest cross-sectional area. 
This is due to the fact that the amount of force required to create a given amount of 
deformation is affected by of the cross-sectional area of the core member middle 
portion. As larger sections of the core member deformable regions 210 and 310 begin 
to undergo plastic deformation, the greatest amount of deformation will occur at the 
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portion of the core member deformable regions 210 and 310 having the smallest cross- 
sectional area. 

[038] When a given amount of deformation is exceeded, one or more sections of 
core member deformable regions 210 and 310 bind to the buckling restraining 
assembly. Due to the variable width of core member deformable regions 210 and 310 
the portions of core member deformable regions 210 and 310 to bind with the buckling 
restraining assembly are the portions having the smallest cross-sectional area. When a 
segment of the core member deformable regions 210 and 310 bind with the buckling 
restraining assembly, the effective length of the core member deformable regions 
undergoing plastic deformation is shortened. While the effective length of the core 
member deformable regions 210 and 310 is shortened, the amount of energy to be 
absorbed is unchanged. As a result, a greater amount of energy must be absorbed per 
unit length of core member deformable region. This can result in greater stress on core 
member deformable regions 210 and 310. 

[039] The controlled deformation resulting from the variable width of core 
member deformable regions 210 and 310 prevents premature restriction of the effective 
length of the portions of core member deformable regions 210 and 310 undergoing 
plastic deformation. Due to the variable width of the core member deformable regions 
210 and 310, shortening of the core member deformable regions 210 and 310 occurs 
gradually from the second ends 204 and 304 to the first ends 202 and 302. As a result 
binding near the first ends 202 and 302 is prevented until portions closer to second ends 
204 and 304 have bonded with the buckling restraining assembly. By preventing 
premature restriction of the effective length of the portion of core member deformable 
regions undergoing plastic deformation, premature failure of brace apparatus 1 is 
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avoided. As will be appreciated by those skilled in the art, the core member 
deformable regions can have a variety of types of configurations without departing fi^om 
the scope and spirit of the present invention. 

[040] Figure 3 is a top cross-sectional view illustrating the juxtaposition of first 
core member 200 and second core member 300 in buckling restraining assembly 30 
according to one aspect of the present invention. First core member 200 and second 
core member 300 are positioned on opposing sides of bearing member 60d. First core 
member 200 and second core member 300 are circumscribed by buckling restraining 
assembly 30. Core member first end 202 of first core member 200 is positioned 
external to buckling restraining assembly 30. Similarly, core member first end 302 of 
second core member 300 is positioned external to buckling retraining assembly 20. 
[041] Lateral supports 21a and 21b are coupled to core member first end 202 of 
first core member 200. Lateral supports 21c and 21d are coupled to core member 
second end 302 of second core member 300. Core member second end 204 of first core 
member 200 is positioned inside buckling restraining assembly 30 adjacent core 
member first end 302 of second core member 300. Similarly, core member second end 
304 is positioned inside buckling restraining assembly 30 adjacent core member first 
end 202 of first core member 200. 

[042] Core member deformable regions 210 and 310 extended nearly the entire 
length of buckling restraining assembly 30. The effective length of the sum of core 
member deformable regions 210 and 310 is nearly double the length of buckling 
restraining assembly 30. Bearing members 60c, d, e are positioned adjacent core 
member deformable region 210 and core member deformable region 310. Bearing 
members 60c, e comprise lateral bearing members that prevent contact between rigid 
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layer 50 and the sides of core member deformable region 210 and core member 
deformable region 310. Bearing member 60d is positioned between first core member 
200 and second core member 300 to prevent contact, friction, and potential bonding of 
first core member 200 and second core member 300. 

[043] Slot void 240 of core member second end 204 allows core member second 
end 204 to be positioned adjacent to and on opposing sides of lateral support 21b. Slot 
void 340 permits core member second end 304 to be positioned adjacent to and on 
opposing sides of lateral support 21c. 

[044] Figure 4 is a cross-sectional view of brace apparatus 1 taken along lines 4-4 
of Figure 3, illustrating the juxtaposition of core member deformable region 210 
relative to core member deformable region 310. In the illustrated embodiment, the 
width of the cross section of core member deformable region 210 is substantially the 
same as the width of the cross section of core member deformable region 310. 
[045] A pliirahty of bearing members are positioned so as to circumscribe core 
member deformable region 210 and core member deformable region 310. Bearing 
members 60a, b comprise end cap members which protect the top and bottom of core 
member deformable region 210 and core member deformable region 310. Bearing 
members 60c and 60e comprise lateral bearings protecting the sides of core member 
deformable region 210 and core member deformable region 310. Bearing member 60c 
is positioned between core member deformable region 210 and core member 
deformable region 310. 

[046] In the illustrated embodiment, a plurality of air gaps 71a-d are positioned 
between bearing member 60a, b, c, e, core member deformable region 210, and core 
member deformable region 310. Air gaps 70c and 70d are created utiUzing spacers 71a- 
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d during manufacture of the brace. In one embodiment, spacers 71a-d are removed 
once rigid layer 50 is hardened. Air gaps 70a and 70b are created by positioning 
bearing members 60a and 60b on the ends of bearing members 60c and 60e. The length 
of bearing members 60c and 60e are slightly longer than the width of core member 
deformable region 210 and core member deformable region 310 to create the air gaps. 
In the illustrated embodiment, no air gap is provided between core member deformable 
region 210, bearing member 60d, and core member deformable region 310. This 
permits deformation of core member deformable region 210 and core member 
deformable region 310 primarily in a direction away from one another. 
[0471 As will be appreciated by those skilled in the art a variety of types and 
configurations of bearing members, air gaps, and core member deformable regions can 
be utilized without departing from the scope and spirit of the present invention. For 
example, in one embodiment, an air gap is provided between the bearing member 
positioned between the core member deformable regions and the core member 
deformable regions. In an alternative embodiment, an air gap is utilized in place of a 
bearing member between the core member deformable regions. 
[048] Figure 5 is a cross-sectional view of brace apparatus 1 illustrating core 
member deformable region 210 and core member deformable region 310 according to 
an altemative embodiment of the present invention. In the illustrated embodiment, the 
plurality of bearing members 62a, b, c, d, e are positioned between core member 
deformable region 210 and core member deformable region 310. By utilizing a 
plurality of bearing members between core member deformable region 210 and core 
member deformable region 310 the bearing members can be more easily positioned 
between core member deformable region 210 and core member deformable region 310 
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during manufacture of the brace. Additionally, a smaller amount of bearing material is 
required providing costs savings and reducing the amount of bearing material required. 
The number and configuration of bearing members also facilitates movement of core 
member deformable region 210 relative to core member deformable region 310 during 
compression and tension cycles during seismic event. 

[049] Figure 6 is a cross-sectional end view of brace apparatus 1 taken along lines 
6-6 of Figure 3, illustrating core member first end 302 of second core member 300 and 
core member second end 204 of first core member 200. In the illustrated embodiments 
support tube 40 is comprised of side members 42a, b, top member 42c, and bottom 
member 42d. Side members 42a, b are welded to top member 42c and bottom member 
42d. This facilitates construction and assembly of brace apparatus 1 particularly with 
respect to the positioning of bearing member 60d between first core member 200 and 
second core member 300. 

[050] hi the illustrated embodiment, core member second end 204 of first core 
member 200 is welded directly to side members 42a and 42b at weld points 12b and 
14b. Due to the compressive and tensile forces exerted on side members 42a and 42b 
by core member second end 204, side members 42a and 42b are substantially thicker 
and more massive than top member 42 and bottom member 42a so as to provide the 
requisite sti£6iess to support tube 40. As will be appreciated by those skilled in the art, 
a variety of types and configurations of bonding methods can be utilized to coimect core 
member second end 204 to side members 42a and 42b. 

[051] A plurality of bearing members 60a-i are positioned around core member 
first end 302 and lateral supports 21a and 21b. Bearing member 60a-i reduced the 
fiiction between core member first end 302 and buckling restraining assembly 32 
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permitting unimpeded movement and plastic deformation of second core member 300. 
Additionally, a plurality of air gaps 70a-j are positioned between bearing members 60a- 
i, core member first end 302, lateral support 21a and lateral support 21b. Air gaps 70a- 
j and bearings members 60a-i are positioned adjacent core member first end 302, lateral 
supports 21a, and lateral support 21b. Core member second end 204 of first core 
member 200 is in direct contact with rigid layer 50 of buckling restraining assembly 30. 
This is due to the fact that core member second end 204 is meant to remain coupled to 
the illustrated extremity of buckling restraining assembly 30. 

[052] Figure 7 is a line graph illustrating the relationship of the strain exerted on 
the core member of brace apparatus 1 and the number of cycles the core member can 
undergo before failure. For the purposes of the present figure, strain is defined as the 
amount of variability in the length of the core member deformable region relative to the 
total length of the core member deformable region. For example, where the core 
member has a core member deformable region having a length of 100 inches a 1.5% 
strain would represent 1.5 inches of elongation or constriction of the length of the core 
member deformable region. As the strain exerted on brace apparatus 1 increases the 
number of cycles the core member can undergo before failure of the core member 
decreases. 

[053] Where the percentage of strain on the core member is in the realm of 
between .5 to 1% a large number of cycles can be experienced by the core member 
before core member failure. Li contrast as the strain increases to between 2.5% and 3% 
the number of total cycles that could be experienced by the core member substantially 
decreases. Where the percent strain is between 1 .5% and 2% an intermediate number of 
cycles can be experienced before failure of the brace is results. The line graph 
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illustrates the contrast in reliability and longevity of the core member where the strain 
experienced on the core member is 1.5% as opposed to 3%. 

[054] The use of a double core brace in effect allows a user to reduce the percent 
strain experienced by the core member by 14 (i.e. from 3% to 1.5%) by doubling the 
effective length of the brace apparatus capable of undergoing plastic deformation. For 
example, for a single core brace having a core member deformable region of 100 
inches, during a seismic event in which the core member deformable region is stretched 
and compressed by 3 inches a 3% strain is experienced by the core member deformable 
region and the core member will fail after a small number of cycles. By utilizing a 
double core brace having the same length of the brace apparatus of the previous 
example, an effective length of 200 inches of core member capable of undergoing 
plastic deformation is provided. During a seismic event of a similar magnitude the dual 
core member will undergo a total deformation of 3 inches. However, the same 3 inches 
represents a mere 1.5% percent strain in the 200 inches total core member deformable 
region. As a result, the core member can undergo a much larger number of cycles 
before failure. 

[055] Due to the small number of cycles experienced during a typical seismic 
event, the increased longevity of the core member allows the brace apparatus to undergo 
several seismic events before the brace apparatus needs to be replaced. Another affect 
of the dual core brace is that a much greater displacement or deformation capacity is 
provided by the brace. For example, a brace apparatus having 200 inches of total 
deformable region, the deformation capacity of the brace increases from 3 inches to 6 
inches. This allows the core member to undergo a much large magnitude seismic event 
without resulting in immediate failure of the brace apparatus. Where a very large 
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magnitude event results in a 6 inch displacement of the brace apparatus, a small number 
of cycles can be undergone without resulting failure of the brace apparatus. In contrast 
where a single core brace is utilized, the effective length of the brace apparatus capable 
of undergoing plastic deformation is limited to 100 inches and a 6 inch deformation 
would result in immediate failure of the brace apparatus. As will be appreciated by 
those skilled in the art, the line graph of Figure 7 is provided for mere illustrative 
purposes and should not be considered to define nor limit the scope of the present 
invention. The actual strain, deformation capacity, and other parameters of the brace 
are a result of the actual properties of the brace and can vary based on the length, 
material properties, construction, thickness, and construction of both the core members 
and buckling restraining assembly. 

[056] It will also be appreciated that the brace of the present invention is not 
limited to a dual core structure. The principles of the present invention can be utiUzed 
to have a more than two core members to further multiply the effective deformable 
length of the brace apparatus. For example, a brace apparatus having four core 
members can be utilized providing approximately four times the deformable length and 
deformation and strain capacity of a single core brace havmg the same length. 
[057] The present invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are to 
be considered in all respects only as illustrative and not restrictive. The scope of the 
invention is, therefore, indicated by the appended claims rather than by the foregoing 
description. All changes which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 
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